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(57) ABSTRACT

A method comprises feeding a chlorite, a chlorine donor, and
an acid 1nto a water line connected to a water system through
which water 1s flowing, or a mixing chamber connected to
a water system, wherein the chlorite and chlorine donor
being present 1n a molar ratio from 1.0:0.1 to 1.0:15.0
chlorite to chlorine donor; whereby chlorine dioxide 1is
ogenerated substantially instantaneously 1n solution and sub-
stantially no undissolved chlorine dioxide gas 1s evolved;
and feeding the solution comprising chlorine dioxide into
the water system. The solution comprising chlorine dioxide

in the mixing chamber can have a chlorine dioxide concen-
tration from 20,000 to 50,000 ppm.

35 Claims, 1 Drawing Sheet
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PREPARATION AND USE OF BIOCIDAL
SOLUTIONS

This application 1s a continuation of Ser. No. 09/029,150
filed Jun. 17, 1998 now U.S. Pat. No. 6,083,457 which 1s a

371 of PCT/GB96/02130 filed Sep. 2, 1996.

FIELD OF THE INVENTION

The present mvention relates to a method for the prepa-
ration of chlorine dioxide, to a solution capable of releasing
chlorine dioxide and to a method of introducing chlorine
dioxide to a system requiring bleaching and/or disinfection
and/or other benefits derived from the oxidising effect of
chlorine dioxide such as, for example, odour control.

BACKGROUND OF THE INVENTION

The use of chlorine dioxide as a bleaching agent and
disinfectant 1s well known. In particular, the use of chlorine
dioxide as a disinfectant 1n both industrial and potable water
systems has become increasingly important 1n recent years
because 1n confrast to chlorine, the most widely used oxid-
1sing biocide, its use does not give rise to the significant
production of trithalomethanes. However the adoption of
chlorine dioxide has been restricted because of the hazard-
ous nature of the chemical.

Chlorine dioxide 1s an unstable gas which 1s explosive at
pressures greater than 40 kPa. (3000 mnHg). It has been
found 1mpossible to compress and store chlorine dioxide gas
cither alone or 1n combination with other gases. Chlorine
dioxide 1s therefore manufactured at its point of use. The
equipment used to produce chlorine dioxide 1s costly and has
to take account of the hazardous nature of the chemical.
Large consumers of the chemical, e¢.g. those involved in the
bleaching of wood pulp, have used somewhat; complicated
processes based on the reduction of sodium chlorate. For use
in smaller applications oxidation of chlorite 1s favoured.
However all these processes require considerable capital
expenditure, an understanding of the chemaistry involved and
skilled personnel to operate the units efficiently and safely.

There 1s therefore a need to be able to produce chlorine
dioxide safely and cost effectively 1n relatively small quan-
fities that will allow a greater number of industrial and
potable water systems to take advantage of the superior
disinfection and stability properties of the chemical without
the need for large capital investments and specially trained
personnel.

To an extent this need has been satisiied by the introduc-
fion 1n recent years of “stabilised” solutions of chlorine
dioxide sold under a variety of trade names. These products
claim to be solutions of chlorine dioxide stabilized 1in
solution through the formation of a variety of complexes.

Thus for example, the producers of Purogene claim to
have produced a stable aqueous solution whose active
ingredient 1s chlorine dioxide. They state that during water
treatment 50-70% of the chlorine dioxide reacted will
immediately appear as chlorite and the remainder as chlo-
ride. The chlorite, 1t 1s stated, will continue to react with
remaining oxidisable material reducing entirely to chloride.
The reactions occurring being as follows:

(1) ClO,+e¢™—Cl0,~ (chlorite)

(2) Cl0,”+4H"+4e——C1"+2H,0 (chloride)

Viscona limited claim to have a 5% (50,000 ppm) aqueous
stabilised chlorine dioxide solution chemically buifered at a

pH of 9 which releases chlorine dioxide in around 20
minutes when activated. Release of chlorine dioxide i1s
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2

achieved by lowering the pH of the solution to approxi-
mately 2 using a suitable acid (with a chlorine donor for
rapid results). Activation with citric acid converts only
approximately 10% of the available chlorine dioxide to free
chlorine dioxide, in aqueous solution, after about 15 min-
utes. It 1s stated subsequent activation would continue at a
very slow rate. Such a method 1s not sufficiently rapid for use
in disinfection where a need for an activation rate of 50% or
more 1s required.

The rate of activation can be increased using a stronger
acid. For example adding 30 to 35% hydrochloric acid to
bring the pH down to 1.5 activates 15% of the potential

chlorine dioxide 1n 1 hour, 25% 1n 2 hours and 50% 1n 24
hours.
By adding a chlorine donor, €.g. hypochlorite, around a 70
to 80% release 1 about 15 minutes can be achieved.
Another product, OCS Dioxide produced by Odour Con-
trol Systems Limited, 1s stated to be a combination of

oxygen and chlorine joined as chlorine dioxide 1in aqueous
solution.

Chlorine dioxide 1s generated from these solutions by
reacting them with acids, particularly strong acids if a
significant release of chlorine dioxide 1s required 1n a
reasonable period of time. A common approach with these
products 1s to dilute the product in a mixing tank with water
to give a solution which contains a theoretical concentration
of about 2-3000 ppm chlorine dioxide and then add suffi-
cient strong acid, hydrochloric acid or phosphoric acid most
commonly, to reduce the pH to within the specified pH
range. The chlorine dioxide is then released from the com-
plex 1nto solution over a period of time which can vary from
a few minutes to many hours depending primarily on the pH
and the strength of the solutions. The solution 1s then
proportionately dosed to the system to provide the required
reserve of chlorine dioxide. The “stabilised” chlorine diox-
ide 1s never fully released from the complex and conversion
rates to “free” chlorine dioxide are quoted as varying from
15% to 75% depending upon pH, concentrations and time.

It 1s clear that while the introduction of these “stabilised™
solutions has provided a means of utilising chlorine dioxide
without the need for complex and costly capital equipment
they have not fully addressed many problems associated
with utilising chlorine dioxide safely and effectively. In
particular strong acids have to be used to produce disinfect-
ing amounts of chlorine dioxide, the concentrations and
reaction times of the various ingredients have to be carefully
controlled to maximise the production of chlorine dioxide
and finally the solution has to be dosed proportionately to the
system to achieve the biocidal concentration of chlorine
dioxide.

In addition the preparation of these solutions 1s expensive
as the chlorine dioxide has to be first generated, dissolved
into water and then finally stabilised.

BRIEF SUMMARY OF THE INVENTION

DE-27281°70 discloses a method for producing an aque-
ous chlorine dioxide solution by dissolving a chlorite and
hypochlorite 1 the presence of a carbonate and subsequently
and adjusting the solution to be slightly alkaline.

JP-63246304 discloses a composition for generating chlo-
rine dioxide consisting of a metal chlorite, an acid and a
diluting agent.

It 1s an object of the present invention to provide a source
of chlorime dioxide which is simple to use, produces elfec-
tive amounts of chloride dioxide quickly and safely and is
cost effective to produce and use.

According to a first aspect of the present invention there
1s provided a stable solution for the production of chlorine
dioxide comprising;:
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a chlorite,

a chlorine donor,
an alkali, and
walter,

the chlorite and chlorine donor being present 1n a molar
ratio of from 1.0:0.1 to 1.0:15.0 chlorite to chlorine
donor,

the alkali being present 1n an amount sufficient to ensure
a pH of above 11 and the water being present 1n an
amount to give a theoretical minimum concentration of
0.5 ppm chlorine dioxade.
Preferably the water 1s present in an amount to give a
theoretical minimum concentration of 0.05% (500 ppm)
chlorine dioxide before dilution.

Preferably the chlorite and chlorine donor are respectively
an alkali metal chlorite and an alkali metal hypochlorite such
as, for example, those derived from sodium or potassium or
an alkaline earth metal chlorite or an alkaline earth metal
hypochlorite, such as, for example, those derived from
magnesium or calcium. Alternative chlorine donors, such as,
for example, chloroisocyanuarte could however be used.

More preferably the chlorite 1s sodium chlorite and the
chlorine donor 1s the hypochlorite, sodium hypochlorite.

The more preferred molar ratio of chlorite to the chlorine
donor, preferably a hypochlorite, 1s from 1.0:0.3 to 1.0:5.0
and more preferably still about 1.0:2.0.

The more preferred pH 1s a pH above 11, more preferably
still a pH above 12.

The preferred theoretical concentration of chlorine diox-
1de derivable from the composition before dilution 1s from

20,000 to 50,000 ppm and after dilution 1s from 0.5 to 50
ppml.

The composition of the mvention may also be advanta-
ogcously combined with other chemicals known to be useful
in providing biocidal properties in water systems such as:

quaternary ammonium and phosphonium compounds
amines, 1s0-thiazolone mixtures and thiocyanates;

and chemicals which are known to provide cleaning and
penetration when combined with biocides such as sur-
factants particularly non-ionic surfactants.

In accordance with a second aspect of the present inven-
tion there 1s provided a method of manufacturing the com-
position of the first aspect of the invention, the method
comprising sequentially adding the alkali, chlorine donor
and chlorite to water 1n that order whilst maintaining the pH
at 11 or above and the temperature at or below 30° C.

Preferably the chlorine donor 1s a hypochlorite.

More preferably the pH 1s maintained at 1.2 or above.

More preferably the temperature 1s maintained at or below
20° C.

According to a third aspect of the present invention there
1s provided a method of introducing chlorine dioxide to a
system requiring bleaching and/or disinfection and/or other
beneficial effects e.g. odour control, the method comprising,
reacting the composition of the first aspect of the mvention
with an acid to generate chlorine dioxade.

Preferably the acid 1s a weak acid 1.e. one which does not
readily 1onise such as, for example, citric acid or acetic acid.

Alternatively a strong acid, such as, for example, hydro-
chloric acid can be used.

Whilst any acid which reduces the pH to within the range
pH 2 to 4 can be used particular benefits accrue from the use
of weak acids such as, for example, citric acid since they are
much less hazardous to handle than strong acids, for
example, hydrochloric acid.

The solution of the present invention, comprising a mix-
ture of chlorite 1ons (Cl0,”) and a chlorine donor, for
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example, hypochlorite ions (OCI™), overcomes many of the
problems of the prior art solutions and when mixed with a
weak acid such as citric acid produces almost 1nstant quan-
fitative conversion to chlorine dioxide. The mixed solution
can then be dosed proportionately to the system, for example
an mdustrial or potable water system to be treated, without
the need for any holding or reaction vessels or sophisticated
mixing apparatus to provide the required biocidal level of
chlorine dioxade.

The invention thus provides a composition which when
mixed with an acid which reduces the pH below 6, prefer-
ably below 5 and most preferably below 4 produces chlorine
dioxide which can be dosed directly into the system to be
treated. It also provides a process by which the solutions can
be mixed and added to the system.

Alternatively the chlorine dioxide may be produced in
situ.

According to a forth aspect of the present invention there
1s provided a method of introducing chlorine dioxide to a
system requiring bleaching and/or disinfection and/or other
beneficial effects e.g. odour control, the method comprising
reacting a chlorite, a hypochlorite and an acid to generate
chlorine dioxide 1n situ.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will be further described, by way of
example only, with reference to the following examples and
methodology.

EXAMPLE 1

Example Composition

Proportion
by weight
Sodium chlorite solution (28%) 96
Sodium hypochlorite solution (12%) 134
Sodium hydroxide solution (30%) 14
Water 756
ClO,7:0OCI™ ratio 1.0:0.7
EXAMPLE 2
Example Composition
Proportion
by weight
Sodium chlorite solution (28%) 96
Sodium hypochlorite solution (12%) 93
Sodium hydroxide solution (30%) 14
Water 797

ClO,7:0OCI™ ratio 1.0:0.5

EXAMPLE 3

Method of Preparation

To 3.78 Kg of deionised water was added 0.07 Kg of 30%
sodium hydroxide solution. The solution was continuously
stirred with a magnetic stirrer. 0.67 Kg of a 12% (available
chlorine) solution of sodium hypochlorite was added.
Finally 0.48 Kg of a 28% solution of sodium chlorite was

added. The final pH of the solution was 13.0.
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Based on the concentration of Sodium Chlorite the prod-
uct contains the potential to produce 20,000 ppm of Chlorine
Dioxide.

EXAMPLE 4

Use of Composition Prepared According To
Example 3

5 mls of solution prepared in Example 3 was added to 90
mls of deionised water. To this solution was added 5 mls of
a 16% citric acid solution. The solution immediately turned
a yellow colour. The solution was analysed using the stan-
dard DPD test procedure developed by Palintest, to deter-
mine concentration of chlorine dioxide, free chlorine, com-
bined chlorine, and chlorite.

Concentrations determined were: 798
20
0

0

p Chlorine dioxide
pm free chlorine

pm combined chlorine
pm chlorite

o T T O

Indicating that all the chlorite had been converted to Chlo-
rine Dioxade.

EXAMPLE 5

Apparatus for Dosing

Referring to FIG. 1, a method of dosing a composition
according to the invention into a system 1s illustrated. A
dosing apparatus 8 1s used 1t comprises two metering pumps
(Prominent gamma G/4a 0215) 10,12 delivering respec-
fively a composition according to the invention and an acid.
The metering pumps 10,12 were connected via a mixing
block 14 into a water line 16 through which water to be
treated was continuously flowing. A water meter 18 in the
line delivered a signal for each 0.25 liter of water passing.
The signal was fed to each of the pumps 10,12 which then
delivered a nominal 0.15 ml. for each signal received. Pump
12 delivered a 16% solution of citric acid and pump 10 a
solution of Example 1.

After a period of operation during which the flow of water
and treatment chemicals were allowed to stabilize samples
of treated water were collected from the water line and
analysed, by the DPD method, for chlorine dioxide, free
chlorine, combined chlorine and chlorite. The results
obtained were:

Chlorime dioxide 12.5 ppm as ClO,
Free chlorine 0.3 ppm as Cl,
Combined Chlorine 0.0 ppm
Chlorite 0.0 ppm

In a second experiment the delivery of the pumps was
halved by reducing the stroke to 50% of the previous setting.
Samples were again collected and analysed with the follow-
Ing results:

Chlorine dioxide

Free chlorine
Combined Chlorine
Chlorite

5.9 ppm as ClO,
0.36 ppm as Cl,
0.08 ppm as Cl,

0.0 ppm
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What 1s claimed 1s:
1. A method comprising

feeding a chlorite, a chlorine donor, and an acid into a
water line connected to a water system through which
water 1s flowing, the chlorite and chlorine donor being
present 1n a molar ratio from 1.0:0.1 to 1.0:15.0 chlorite
to chlorine donor;

whereby chlorine dioxide 1s generated substantially

instantaneously 1n solution and substantially no undis-
solved chlorine dioxide gas is evolved; and

feeding the solution comprising chlorine dioxide into the

water system.
2. The method defined 1n claim 1

wherein the molar ratio of chlorite and chlorine donor 1s
1.0:0.3 to 1.0:2.0.
3. The method defined 1n claim 1

wherein the water flowing through the water line 1s water

to be treated with the chlorine dioxide.
4. The method defined 1in claim 1

wherein the chlorite 1s an alkali metal chlorite.
5. The method defined 1n claim 4

wherein the alkali metal chlorite 1s sodium chlorite or
potassium chlorite.

6. The method defined 1n claim 1

wherein the acid 1s a weak acid.
7. The method defined 1in claim 6

wherein the acid 1s citric acid or acetic acid.
8. The method defined 1n claim 1

wherein the chlorine donor 1s hypochlorite or chloroiso-

cyanurate.
9. The method defined 1n claim 8

wherein the chlorite 1s sodium chlorite and the hypochlo-

rite 1s sodium hypochlorite.
10. The method defined m claim §

wherein the hypochlorite 1s an alkali metal hypochlorite,
or an alkaline earth metal hypochlorite.

11. The method defined 1in claim 10

wherein the hypochlorite 1s an alkaline earth metal

hypochlorite.
12. The method defined 1n claim 11

wherein alkaline earth metal hypochlorite 1s magnesium
hypochlorite or calcium hypochlorite.
13. A method comprising,

mixing a chlorite, a chlorine, and an acid 1n a mixing
chamber connected to a water system, the chlorite and
chlorine donor being present 1n a molar ratio from
1.0:0.1 to 1.0:15.0 chlorite to chlorine donor, to form a
solution comprising chlorine dioxide; and

feeding said solution comprising chlorine dioxide 1nto the
water systems;

wherein the mixing and feeding are for a time period such
that substantially no undissolved chlorine dioxide gas
1s evolved.

14. The method defined 1n claim 13

wherein the molar ratio of chlorite and chlorine donor 1s
1.0:0.3 to 1.0:2.0.
15. The method defined 1n claim 13

wherein said mixing step generates substantially 1nstan-

tancously a solution comprising chlorine dioxide.
16. The method defined 1n claim 13

wherein the chlorite 1s an alkali metal chlorite.
17. The method defined 1n claim 16

wherein the alkali metal chlorite 1s sodium chlorite or
potassium chlorite.
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18. The method defined 1n claim 13

wherein the acid 1s a weak acid.

19. The method defined 1n claam 18

wherein the acid 1s citric acid or acetic acid.
20. The method defined 1in claim 13

wherein the chlorine donor 1s hypochlorite or chloroiso-
cyanuarte.

21. The method defined 1n claim 20

wherein the chlorite 1s sodium chlorite and the hypochlo-
rite 1s sodium hypochlorite.

22. The method defined 1in claim 20

wherein the hypochlorite 1s an alkali metal hypochlorite,
or an alkaline earth metal hypochlorite.

23. The method defined 1n claim 22

wherein the hypochlorite 1s an alkaline earth metal
hypochlorite.

24. The method defined 1in claim 23

wherein alkaline earth metal hypochlorite 1s magnesium
hypochlorite or calcium hypochlorite.
25. A method comprising

mixing a chlorite, a chlorine donor, and an acid 1n a
mixing chamber connected to a water system, the

chlorite and chlorine donor being present in a molar
ratio from 1.0:0.1 to 1.0:15.0;

generating in the mixing chamber a solution comprising

chlorine dioxide having a chlorine dioxide concentra-
tion from 20,000 to 50,000 ppm; and

feeding the solution comprising chlorine dioxide into the
water system;

wherein the mixing and feeding are for a time period such
that substantially no undissolved chlorine dioxide gas
1s evolved.
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26. The method defined 1n claim 25

wherein the molar ratio of chlorite and chlorine donor 1s
1.0:0.3 to 1.0:2.0.

27. The method defined 1n claim 25

wherein the chlorite 1s an alkali metal chlorite.
28. The method defined 1n claim 27

wherein the alkali metal chlorite 1s sodium chlorite or
potassium chlorite.

29. The method of defined 1n claim 25

wherein the acid 1s a weak acid.
30. The method defined 1n claim 29

wherein the acid 1s citric acid or acetic acid.
31. The method defined 1n claim 25

wherein the chlorine donor 1s hypochlorite or chloroiso-
cyanurate.

32. The method defined 1n claim 31

wherein the chlorite 1s sodium chlorite and the hypochlo-
rite 1s sodium hypochlorite.

33. The method defined 1n claim 31

wherein the hypochlorite 1s an alkali metal hypochlorite,
or an alkali earth metal hypochlorite.

34. The method defined 1n claim 33

wherein the hypochlorite 1s an alkaline earth metal
hypochlorite.

35. The method defined 1n claim 34

wherein alkaline earth metal hypochlorite 1s magnesium
hypochlorite or calcium hypochlorite.
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